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INTRODUCTION
Polymeric materials exhibit properties which come somewhere between elastic and viscous properties and are controlled by elastic and viscous constants called modulus and viscosity respectively making the mechanical properties of plastics to be viscoelastic [1] . This means that they vary with time under load, the rate of loading and the temperature and the creep limits of plastic composites need to be established because of involvement of plastics in most recent designs such as in multi-layer moldings, design of snap fits, design of ribbed sections and in design of light weight structures in everyday use.
Young's modulus is low for plastics and never constant compared with metals; resistance to deflection (stiffness) is often a concern regarding the use of plastics and the stiffness of a structure is dependent on the elastic modulus of the material and the part geometry.
Though many scholars such as [2] [3] [4] [5] [6] [7] [8] have worked extensively on the reinforcement of polypropylene with calcium carbonate nanofiller, studies are yet to advance on the limiting creep properties of polypropylene composites with calcium carbonate nanofiller. This study in order to address this pertinent issue used experimental and classical results to study the creep limiting properties of polypropylene and its calcium carbonate nanofiller composite.
Most mechanical properties are structure -sensitive and are therefore affected by changes in either the lattice structure or the microstructure. However modulus of elasticity is one property that is structure insensitive. The modulus of elasticity of material is the same regardless of grain size, amount of cold work, or microstructure while the ductility and toughness that are structure sensitive vary with the amount of cold work and/or grain size. When a crystalline material is plastically deformed, there is an avalanche of dislocations called slip that terminates at the grain boundaries, leading to mass movement of a body of atoms along a crystallographic plane [9] .
METHODOLOGY
The methods of this study used the experimental tensile and tensile creep test results conducted on calcium carbonate nanofiller reinforced polypropylene composite by [10] with classical data and relations to evaluate the limiting properties of polypropylene as a new material.
Use of Classical Relations of Composite Elastic Modulus
The mass of a composite is the sum of the masses of the matrix (polymer) and the re-enforcing phase (filler). The properties of a composite material are then function of the starting materials [11] so that the following relations are found in literature for estimating the elastic modulus of Vol.10, No.2 The Influence of Creep on the Mechanical Properties 145 particulate fillers [8] . The modulus of elasticity of the particle filled composite may be predicted using the following equations:
E E 1 2.5φ 14.1φ 3 where E = Modulus of elasticity, φ = volume fractions, Subscripts c, f and p represent the composites, filler and polymer.
Estimation of elastic modulus of the composite
The elastic modulus of the composite estimated with equations (1, 2 and 3) in [10] is as presented in Table 1 . This study further employed the Halphin-Tsai and Brintrup equations for composite modulus expressed in equation (4 and 5) respectively [12] to come up with simpler and if possible better approximation for composite elastic modulus.
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βφ βφ Where ν m = Poisson ratio and for PP = 0.34. The estimations of composite elastic modulus with equations (4 and 5) are presented in Table 2 [10] and the results presented in the following tables with the instantaneous cross sectional area of sample A f , creep modulus E (t) and creep compliance C (t) evaluated according to the relations of [9, 12] expressed as follows
Where is the true strain or natural strain expressed as ln n 1 7a
Where n is the nominal strain or the engineering strain evaluated during the tensile test by measuring the percentage elongation of specimen
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The creep modulus will vary with time, i.e decrease as time increases; sometimes creep compliance is used instead of creep modulus and is expressed as
where s is the constant creep stress and (t) is the natural strain at time t. In this work n(t) = (t) and σ is the measured stress at experimental time t. The experimental creep results are presented in Tables 3-12 . 
Estimation of amount of cold work
The amount of cold work is defined as the percentage of reduction of cross-sectional area that is given the material by a plastic deformation process and is expressed mathematically as The area ratios of all the operations are presented in Tables 3-12 as summarized in Table 13 . Equation (10) is then employed with excel tools to compute the amount of cold work as presented in table 14a and b, where the symbols Arr3-Arr12 represented the area ratios associated with Tables 3-12 and W3-W12 represented the cold work associated. 
Limit stress-cold work for PPC0 and PPC2
The influence of cold work on the strength property is shown on Table 15a and b. 
ESTIMATION OF SLIP IN POLYPROPYLENE MATERIALS
Slip will occur in polypropylene component when the yield strength is exceeded. The yield strength of polypropylene is in the range 12-43MPa [13] . Tables 3-12 showing creep stresses indicate the occurrence of lip due to low yield strength associated with creep. The shear strength of material is estimated with the classical relation
where G is the shear modulus estimated with the relation
So that by using the values E= 2GPa and ν = 0.34 the shear modulus and shear strength is evaluated for PPCO as 750MPa and 120MPa respectively and for PPC2 are 920MPa and 150MPa respectively. Table 1 and 2 show that the new PP (PPC2) has elastic modulus of 2-2.46GPa at optimum volume fraction of 0.10(10%) while table 2 distinctively show that neat PP(PPC0) has elastic modulus of about 2GPa at optimum volume fraction of 0.10. Table 9 and 10 at 13.08MPa applied static stress and ambient condition 50 O C show the absence of primary creep stage and presence of creep limit 13.86MPa, modulus at fracture 0.24GPa and fracture strain of 0.06 for neat PP (PPC0) and for PPC2 show the absence of primary creep stage and presence of creep limit 13.86MPa, modulus at fracture 0.24GPa and fracture strain of 0.06 also. Table 11 and 12 at 13.08MPa applied static stress and ambient condition 70 O C show the absence of primary creep stage and presence of creep limit 14.01MPa, modulus at fracture 0.187GPa and fracture strain of 0.08 for neat PP (PPC0) and for PPC2 show the absence of primary creep stage and presence of creep limit 13.55MPa, modulus at fracture 0.383GPa and fracture strain of 0.035 The tensile strength of polypropylene is in the range 19.7-80MPa [12] by classical report and by experimental results of our previous report the tensile strength is 123MPa [10] . For the new material PPC2 our previous report gave the value of tensile strength as 45MPa [10] . From tables 3-12 the values of the recorded stress limits never exceeded 24.19MPa which is below the tensile limit obtained from classical reports showing the reducing influence of creep on the strength properties of PP. Further still on tables 3-12, notice that the maximum estimated elastic creep modulus at 1% natural strain approximately never exceeded 1.49GPa as against the predictions of classical equations that gave 2.0GPa for PPCO and 2.46GPa for PPC2. Creep therefore reduces the strength and stiffness properties of polypropylene and its nanofiller composites. Tables 3-12 clearly show that as the material deforms the stiffness or modulus decrease, at low strains there is an elastic region, as temperature and applied stress increase the material becomes more flexible characterized with reduction in moduli.
DISCUSSION OF RESULTS
Plastic deformation at strains above 0.01 resulted to strain-hardening or stain-strengthening that manifested as the increasing area ratios and associated creep cold work as found in tables 3-12. Table 3 and 4 established the shear strength of PPCO and PPC2 13.19MPa and 13.20MPa respectively at elastic strains of 0.008 and 0.009 while their shear moduli were estimated with equations (11, 12) as 0.75GPa and 0.92GPa respectively while their shear strengths were 120MPa and 150MPa. These materials are then seen to be stronger in shear than in tension as the yield strength of this material under creep is about 13MPa compared to the classical range of 12-43MPa) for this material [13] . The creep failure of these materials is therefore due to slip owing to mass movement of body of atoms that may form slip jog within the crystallographic plane since the yield strength of these materials was exceeded.
CONCLUSION
This study established the mechanical properties of polypropylene and that reinforced with calcium carbonate nanofiller as a new material under various serving creep conditions. Also established was that creep process may be a strengthening process slip occurring when the material yield strength is exceeded causes creep failure of polypropylene matrix composites. Plastic deformation at strains above 0.01 resulted to strain-hardening or strain-strengthening that manifested as the increased area ratios and associated creep cold work.
Also established by this study is a computational model for evaluating the elastic modulus of polypropylene matrix based material and expressed in equation (6) Both the Halphin-Tsai and the Birintrup equations for elastic modulus of unidirectional fibre composites were confirmed to be appropriate for prediction of elastic modulus of nanofiller composites with polymer matrix.
